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USE OF ANTI-VEGF ANTIBODY TO ENHANCE 
RADIATION IN CNACER THERAPY 



BACKGROUND 



This work was supported by grants from the National Cancer Institute, and the 

government have certain rights in the invention. 

Tumors influence the surrounding host stroma by inducing angtogenesis to supply their 

oxygen and nutrient needs, allowing them to grow. !n normal tissues, angiogcncsis is lightly 
regulated by the balance between angiogenic and anti-angiogenic factors^t^. However, the 
induction of angiogenesis by tumor-derived pro* angiogenic proteins is a discrete component of 
the malignant phcnotypc. Decreased production of angiogcncsis inhibitors or increased 
expression of angiogenic peptides can shiA the balance towards a pro-angiogenic stated, 
permining tumor growth. As a tumor increases in size, h disnjpts its surrounding stroma and 
recruits still more host blood vessels. This paracrine relationship between a tumor and its blood 
supply represents a potential point of attack for antitumor therapy. 

A family of angiogenic peptides, isoforms of vascular endothelial cell growth factor 
(VEGF), are expressed by many human tumors and normal cells^"^, VEGF is the only known 
angiogenic protein that is exclusively mitogenic for endothciial cells in vitro and Strongly 
angiogenic in viw^»5. ]v is secreted by a wide variety of human tumors, and inhibition of VECF- 
induccd angiogenesis, either by neutralizing antibodies or a dominant negative soluble receptor, 
blocks the growth of primary and metastatic experimental tumon^*. Physiologic regulators of 
VEGF expression inelude hypoxia^.lO and cytolcincs3.5. |„ certain human tumors, oncogenic 
mutations of ras and pS3 are associated with increases in intratumoral VEGF levels and a poor 
nroincsis' 

• - f^I T\fM ARY OF THE INVENTTON 

In the present study, wc examined the production of VEGF by LLC and human xenograft 

tumors following exposure to ionizing radiation (IR). and found that VEGF expression is 

induced following IB- We next examined whether blocking the action of a positive regulator of 
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.ngiogcncsis cou.d potentiate the onutumor efTcct of IR.BIocking this IR-mcdialcd increase in 
yEC7 using neuuolizing antibodies again« VF.GF resulted in increased endothelial cell killing 
and produced greater than additive onti.tun,or effects in .r.ousc tumor modd systen,s. findings 
that support a model in which induction of VBGF by IR contnbutes to the protection of tumor 
blood vessels from radiation-mediated cytotoxicity. 

The invention provides a method of reducing tumor radio resistance or 
chemotherapy resistance in a cancer patient being or to be treated with radiation or 
chemotherapy, by administering to the patient a substance that inhibits chemotherapy 
or radiation-induced VEGF expression or that blocks VEGF activity in the patient. 

The substance can be an anti-VEGF antibody, and can be administered 
(preferably IV) shortly (1-4 hours) prior to chemotherapy or radiation treatment. 

The dosages, timing, and duration of anti-VEGF antibody administmtion in 

humans can be extrapolated from the animal model results presented herein. Antibody 
preferably is administered intravenously, either prior to. during, or following radiation or 
chemotherapy administration. 
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3RJEF DFSCR TPTTON OF TT^F np ^ x^rj^r^^o 
FIGURE 1. VEGF levels in Lewis lung carcinoma In vivo and in vitro. A. VEGF 
mRNA levels in LLC tumors following IR exposure (40 Gy divided into two daily thses). Total 
RNA was isolaicd from representative tumors and probed wiih a cDNA encoding human VF-GH- 
1 65, after which tlicy were stripped of probe and reprobcd with a cDN A to G APDH to 
dcmonsn-atc message integrity. By scanning dcnsiiomclry, nonrjaliied to GAPDH, VfiGF 
mRNA is induced 3-fold foJIowing ]R exposure. Blots from representative animais aw displayed. 
B, VEGF protein levels in media conditioned by LLCs following JR exposure. UXs were plated 
in six-well plates at low density (25% confluence), allowed to attach overnight, and then 
irradiated with 0, 5, jO, or 20 Gy. Conditioned media was collected every 24 hrs, and cells were 
deuched with trypsin and counted. VEGF levels were noitnaUPMd to the number of cells and 
reported as total pg VEGF/1 0* cells. No VEGF was detectable In unconditioned media. 

Figure 1. VEGF expression In human tumor cell lines. Subconflucnt cells from human 
tumor ceil lines (Seg-1 esophageal adenocarcinoma, SQ20B squamous cell carcinoma, Ul 
melanoma, and U87 and T98 glioblastoma) were exposed to 10 Gy of ionizing radiation. 
Conditioned media from radiated and unirradiated cells was collected 24 hour^ later. VEGF 
levels in conditioned media were measured by ELISA and normalized to cell number. An 
increase in VEGF secretion was observed in each cell line: Seg-l (p«?X SQ20B (p-0.08). T98 
(p=0.02), Ul (p=0.009), U87 (p«0.0009). No VEGF was deusciable in unconditioned media. 

FIGURE 3. Effect of VEGF blockade prior to treatment with ionizing radiation in 
mouse tumors and human xenografts. LLC ceils (1 x 10^) were injected subcutaneously into 
ilie hindlimbs of female C57BI-/6 mice. SQ20B squamous cell carcinoma cells (5 X 10^) and 
Scg.] esophageal adenocarcinoma cells (3x10*) were injccusd into the hindlimbs of female 
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alhymic nude niicB, Tumun» were ullowed lo attain a niean size between 350-450 min*' (LLC, 
442 ± 14 mm^; SQ20B, 372 ± 1 6 mm^ Scg-1, 407 ± 20 mm*'), after which ircutmcnt was begun. 
A. Effect of VEGF blockade prior to ionizing radiation in LLC tumors. Mice were treated as 
follows: IR, 40 Gy administered as two 20 Gy doses on days 0 and 1; IR (40 Gy) plus polyclonal 
goat ami-mouse VEGF-164 antibody. 10 ^g were administered inirapcriioncally 16 and 3 hrs 
before the first IR treatment and 3 hours before i\yc second IR treatment (3 doses total); goat anli- 
mouse VEGE-164 antibody alone administered as described. Untreated controls received 
nonimmune goal IgG. JJ. Effka of VEGF blockade prior to ionising radiation in SQ20B 
xenografts. Mice were treated as follows: IR, 40 Gy administered as four 10 Gy doses on days 0, 
1 .2, and 3; IR (40 Gy) plus monoclonal anti-human VEGF-1 65 antibody, 1 0 administered 
intrapcritoneally two to three hours before each dose of IR; monoclonal anti-human VEGF- 1 65 
antibody alone administered identically to the combined trcauncnt group. Untreated controls 
received nonimmune mouse IgG. C Effect of VEGF blockade prior to ionizing radiation in Scg- 
L Mice were treated as follows: IR, 20 Gy administered as 4-5 Gy doses on days 0, 1,2, and 3; 
IR (20 Gy) plus monoclonal anii-human VEGF065 antibody, 10 pg administered 
inurapcritoncally two to three hours before each dose of IR; monoclonal ami-human VEGF-165 
antibody alone adrainislcred idenlically lo the combined treatment group. Untreated controls 
received nonimmune mou.se IgG. />• Mice hearing SQ20B xenogrqfis from different treatment 
groups (day 22). Mice with tumor volumes closest to the mean for each group were chosen. 

FIGURE 4. Effect of manipulating VEGF levels In vitro on IR^mcdiatcd vascular 
endothelial ceU kilUng. For MTT assays, HUVECa were plated in 96-wclI plates al 1 x 103 
cells/well and treated with cither differing concentrations of recombinant human VEGF-165 or 
monoclonal anti-human VECiF-KiS antibody prior to treatment with IR, and absorbancc readings 
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mcasurcd « va^^ing time points after IR (see Methods). For clonogcnie survival assays. 
HUVRC. were treated with different coneenualions of VEGF or a polyelonal goat ^iti-VEGF- 
165 antibody four hours prior to irradiaUon (sec Methods).^. AfTT assay for NUVEO 
prcrcatcd wi,h varyinx cun,:mratiom ufr,^mbmant human VEQF-165 four hours before IR 
treamm. Absorbanee mcasuremerus were token at 96 hrs after IR and normathed to those 
obtained under standard conditions (no IR treatment and VECF-JO n^ml). B. Clonogenio 
survival assayfbrmJVECsprerreatedxyith 1, W, orSOng/ml VEGF * 200 and 900 cCy. 
S^f^»gfiaction is normalized to plating efpciency for unirradiated cd^^ 
f^Uy£Cspre,reatedwiihmonoclanalanii.VKOF.J63antibodyfour hours before JR treatment. 
Absorbance measurements were taken al 96 hrs iffler a and normalized to those obtained with 
nopretreatmentwithAb. VECF^Wng/mlfor this experiment. D. Clonogenic survt^l assay far 
JIUVKCsprctroated with a monoclonal mti^YEGF- 165 antibody prior to irradiaUon. 

DETATTFn nT;<^rpTpT|r>|.y 
lonidttg ruJtathn Induces tumor VEGF production In vivo and In vitro 

Wc have exammcd the production of VEGF in Lcvias lung carcinoma (LLC) tumors 
following exposure to ionizing radiation (IR). LLC cells (1 x 10«) were injected subcutaneously 
in the hindlimbs of female C57BL/6 mice and allowed lo grow to a volume of 510 ± 1 J mm* 
(approximaicly 2.5% body weight). Tumors were irrndiated with 20 Gy on days 0 and 1 and then 
harvested at days 2. 5. or 14. VEGF levels were measured by ELISA and normalized to total 
tumor protein. VEGF levels in cxuacts from comroi tumors remained relatively constant (46 to 
90 p6/mg tola! protein) for 14 days as the tumors grew to 61 J 0 ± 582 mm', or approximately 
30% of body weight (Table 1). By contrast, on day 2, the mean VEGF level in irradiated tumors 
was increased more than threefold as compared to that in uniiradiated tumors (234 ± 79 pg/mg 
total extract protein. p=0.032). The mean VEGF level in irradiated tumors remained 2.2-fcId 
higher then that in unirradiated tumors at day 14'(I94 ± 47 pg/mg total extract protein. p-K).027). 

_Plasma VEGF levels remained low or undctwublc in comroi and irradiated animals (dota not 
shown). To conCf m ihc cflccu of IR. VEGF mRNA levels were assessed in the same tumMs by 

Northern blol analysis. VEGF transcripts were induced 3-fold two days aflcr exposure to IR. 
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(Fieure J A). Mortovcr. VEGF mP: levels remained elevated for fourteen days. These 
findings demonsuatc that IR induces VEGF expression in vivo. 

To detcnninc whether IR induces VEGF in tumor cells in vitro, subeonfluent UX ceils 
were exposed to difTerent doses of IR. and conditioned media was harvesud at various imcrvais 
for measurement of VEGF levels by ELISA. VEGF levels in LLCconditioned media exhibited 
an IR dose-dependent increase within 24 houn. At 72 hours. VEGF levels were nearly 6-fold 
higher in media from LLC irradiated with 20 Gy (Figu,* IB), as compared to that for control 
cells (p=0.009). VEGF expression was also sn,dicd in irradiated human tumor cell lines: Seg. J 
(esophageal adenocarcinoma)! 3; S020n (a radioresistant squamous cell carcinoma line)14; Ul 
(melanoma): and T98 and U87 (glioblastoma). Under basal conditions, these tumor cell lines 
secreted widely differing levels of VEGF. with U87 cells producing the most VEGF and Ul 
melanoma cells the least (Figure 2). All demonstrated an IR-dependent increase in VEGF 
production within 24 hours of treatment with 10 Cy (Figure 2). TT^ese frndings demonstrate that 
IR induces VEGF expression in diveree tumor cell types. 

Blocking VEGF oclon enhances the in vivo unUtumor effect of ionizing rodlatlcn 

To determine whether induction of VEGF secretion by tumors affects ami-tumor 
response, we t^ated LLC tumors with neutralizing amibodies to VEGF prior to IR exposure. 
Ixmaie C57DU6 mice bearing LLC tumors (559 ± 51 mm^) were treated with a polyclonal goal 
antibody directed against recombinant murine VEGF-164 (R&D Systems. 10 ^g qd by 
intraperitoneal injection) or with nonimmune goat IgG. By day 7. tumors from control animals 
had attained a volume of 2713 . 346 mm', while tumors in ami-VEGF-treated mice we« JOll * 
266 mm' (p=0.02). Consistent with previous observaUons6.15-17 j^^j^^ 
blocking VEGF activity inhibits tumor growth. To evaluate the antitumor effects of combining 
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anu-VEGF antibodies and IR. mice bearing LLC tumors were treated as follows: untreated 
conlrol; IR alone, 20 Gy on consecutive days (40 Gy total); anU-VEGF antibody; «td IR plus 
ami-VEGF antibody (Figure 3A). Storting from a mean volume of 442 ± 14 mm' at day 0, 
tumon in ^treated controls reached a mean volume of 1389 ± 136 mm' by day 6. Treatment 
with anti.VEGH antibody alone produced a 42.6% reduction in tumor volume (796 ± 4 1 mm'. 
p-0.004); IR alone. 43.0% .eduction (792 ± 30 mm\ p»0.006): ««d the combination of IR and 
.nti.VEGF antibody, 78.0% reduction (305 ± 58 mm'. p=0.001 relative to IR alone), a greater 
than additive efTecl (Table II). 

To extend these findings to other modelii for tumors, we examined the effect of 
combining ami-VEGF antibody with IR In human squamous cell carcinoma and esophageal 
adenocarcinoma xenogmfls, both of which represent human tumors for which IR is a major 
therapeutic modality. First, athymic nude mice bearing radioresistant human head and neck 
squamous cell carcinomo xenografts (SQ20B)H were treated with IR and a neutmliziog 
monoclonal antibody against human VEGF-1 65 (R & D Systems, inc.). SQ20B cells (5 x J 0*) 
were implanted in the hindlimbs of female athymic nude mice and allowed to attain a volume of 
372 ± 16 mm' (Figure 3B), after which they were treated whh IR alone (40 Gy given as four 10 
CSy fractions). ami-VEGF antibody alone (10 pg iniraperitoneally each day for four doses), or 
combined IR and anti-VEGF antibody (10 amibody odmininered 3 houn prior to treatment 
wilh IR). On day 1 9, tumors in untreated comoh reached a mean volume of 3671 * 790 mm'. 
Treatment with anti-VEGF antibody alone produced a 28.5% reduction in mean tumor volume 
(2624 ± 287 mm'); IR alone, a 48.8% reduction (1 793 ± 279 mm'); and the combination of IR 
and ami-VEGF antibody, a 81.8% reduction (669 i= 120 mm', p-O.OQS relative to IR alone). 
Next, we examined a xenograft model for a human cancer that is seldom cured by IR alone. 
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csophageol odenocnrcinoma. Scg-l ccHsl3 (3 x 10*) were implanted in the hindlimbs of alhymic 
nude mice and allowed to attnin o volume of 407 ± 20 mm' (Figure 3C). aQcr which they were 
treated with IR alone (20 Gy in daily 5 Gy fractions), anti-VEGF antibody as above, or combined 
therapy. Similar enhancement of the amiiumor cffcti of IR by anli-VEGF antibody was 
observed. As was the case for LLC. in both human xenografts, the anti-tumor effects of 
combined therapy were greater than additive (Table 11). These findings suggest dut blocking the 
cfTccis of VEGF enhances the tumoricidal effects of IR. 

Blocking VEGF increases endotheliid cett ktUlng by Ionizing radiation 

To assess the potential cflecis of VEGF on IR-mediated killing of tumor cells and 
endotl«liaI cells, we measured in vUro survival of LLCs and human umbilical vein endothelial 
cells (HUVECs) following exposure to IR. By MTT assay, there was no detectable cytotoxicity 
ofLLC or SQ20B cells following exposure to VF.GF or anti-VEGF antibody (data not shown). 
In addition, recombinant VEGF failed to protect LLC or SQ20D cells from IR-mediated killing 
(data not shown), and there was no interactive cytotoxicity of LLC when anti-VEGF antibody 
was combined with IR (data not shown). Next, the effect of exogenous VEGF protein on IR- 
mediated cell killing of llUVECs was assessed by MTT^i and clonogenic assays^^ (Figure 4). 
As measured by the MTT assay 96 hours after IR, pretreatment with VEGF protected HUVECs 
against the cytotoxic cffecu of 1 0 Gy IR in a dose-dependent fashion (Figure 4A-NKBD p 
VALUES). This effect was observed both in the presence and absence of serum (data not 
shown). Clonogenic survival wa.. also increased in a dosc-dcpcndcnt fashion when VEGF was 
added to the HU VEC cuinire medium prior to IR (Figure 4B). Next, we tested whether adding 
anti-VEGF increases endothelial cell sensitivity to IR. Adding anti-VEGF anUbody to the culture 
medium prior lo IR exposure decreased cell proHferaUon as measured by MTT assay in 
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HUVECs but not SQ20B cell., (Figure AC) or l.f.C proliferation (dau not shown). Similar 
decreases in endothelial cell survival after exposure to IR were obse,-ved in donogcnic assays 
when HUVECs were pretrcatcd with anli-VEGF antibody (Figure 4D). To detemtine whether 
VEQF pcoiccls against IR-mUuced apoptosis. flow cytometry studies were performed after 
labeling cells with 7.A AD^O. There was „o difference between the percentage of apoptotic cells 
in HUVECs exposed to IR, conccntniHom of anti-VEGF monoclonal antibody as high as 100 
ng/ml. or both IR and anti-VEGF antibody (DATA NHF.DS TO BE HNALIZED). TTtese results 
indicate that IR-induced VEGF production by tumor, inhibits the lethal effectt oflR on 
endothelial cells. 

DISCUSSTn|tf 

Our findings demonswte that IH induces VEGF expression by tumors. Importantly, 
blocking the effect of VKGF in irradiated LLC and human tumors produces greater Uian additive 
antitumor effecu /. v/v«. Also, blocking VEGF action produces increased clonogenic killing of 
vascular endothcUal cells in vitro, whereas the addition of recombinant VEQF blocks the killing 
of endothelial cells. Taken together, these data raise the possibility that blocking positive 
regulators of angiogenesis is effective in potentiating the antitumor effects of IR. The use of 
growth blockade for endothelial cells (anU-VEGF antibody) and IR may disrupt ihe paracrine 
relationship between the tumor and its blood supply and emphasizes Ihe potential importance of 
combining an angiogenesis Inhibitor with a DNA damaging agent. lU is a major therapeuUc 
modality that is effective in the treatment of relatively .^«|| tumors and of large tumors only 
with considerable toxicity to normal tissues. Depriving the tumor endothelium of VEGF using 
ncutrafeing antibodies prior lo IR expo..«re or pretreating tumor vessels with anUangiogenic 
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peptides represent strategies to increase the ami-tumcr effects of f R w,th minimal toxicity to 
nonnal tissues. 

METHODS 

Cell euliure 

Lewis lung carcinoma cells (giA of J. Folkmon) and SQ20B cells were grown as 
previously dcseribcdl9.21^. Human umbilical vein endothelial cells (HUVECs) we« 
maintained in EGM-2 medium (Cloneties) + !•/. fetal bovine scrum (Clonetics). U87 «,d T58 
human giioblasioma cells were maintained in RPM1.1640 (Life Technologies. Inc.) ^ 10% FBS 
Ontergen); Ul melanoma cells, DMEM (7S%) + F12 (25%) + 1 0% FBS. 

Neutralizing antibodies against VEGF 

For experimenw with LLC. neutralizing polyclonal goat antibody (IgC) against 
recombi„«rt mouse VECF.164 (R&D System,. Inc.) was dissolved in PBS and administered 
via intraperitoneal injccuon. Control mice in these experiments received nonimmune goat IgG 
(Sigma). For experiments with human tumor xenografts, a neutralizing monoclonal amibody to 
recombinant human VEGF-l 65 (R & D Systems) was used. Control mice in these experiments 
received nonimmune mouse IgG (Sigma). 

Tumm models ■ 

LLC cells were injecusd $ubcun.neou..ly into the riglu hind limb (1 X 10« cells in PBS) of 
C57BL/6 female mice (Frederick Cancer Research Institute). SQ20B human squamous cell 
carcinoma cell»14 (l x 10* cells) and Seg.l esophageal adenocarcinoma cells" (3 x 1 0' ceils) 
were Injected subcutaneously Imo the hind limb of female athymic nude mice (Frederick Cancer 
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Rese«n:h Institute). Tumor volume was detcnnined by direct mcKurement with calipers ami 
calculated by the formula (length x width x depth/2) and reported as the mean volimie ± s.ean.. 
as previously dcscribcdl9^1 . Tumors were allowed to grow to a volume of 300-500 mm^ at 
which time mice were divided into experimental groups and treatment begun. Tumon were 
irradiated using a GE Maxitron X-ray generator operating at 1 50 kV, 30 mA, using a 1 mm 
aluminum niter at a dose rate of 1 88 cGy/mln.. Mice were shielded with lead except for the 
lumor-bcaring right hindlimb. The care and treatmem of animals vvas in accordance with 
insthutionol guidelines. 

Measurement ofVECFlevels in tumor exttaos and condMoned mttUi, 

M various lime points, mice were chosen from each LLC cxperimcmal group such that 
the overall group mean wmor volume was affected as Hole as possible and euthanized to obtain 
tumor tissue. Tumor extracts were prepared by homogenizing tumors in RTPA buffer (ISO mM 
NaCl. 10 mM Tris. 5 mM EDTA. Triton X-lOO 0.5%. and dithiothrtitol 1 ^M. pH 7.5. PMSF 50 
HM. Icupcptin 1 ng/mL and aproimin 2 ng/mO. The homogenate was theit subjected to three 
freeze-thaw cycles in liquid nitrogen to lyse cells and then spun at 5000 C ai 4» C to pellet 
debris. VEGF levels were measured in tumor extract supematants by ELISA (R&D Systems), 
and protein assays were performed by Lovny assay. VEGF levels were normalized to total 
extract protein concemration and expressed as pg VEGF/mg total extract protein. VEGF levels in 
tumor cell conditioned media wen, also measured by ELISA and were normalized to cell number 
in each well. At least three wells per lime point were measured. 
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v^here P- proliferation relative to control; A= absorbance at 515 nm (A,,,); Ao- A,,, «tT==0 hr, 
and A„,^„,»Ai,5 for control cells (unirradialed, grown in 10 ng/ml VEGP.165). 

Oonogenic assays 

Clonogenic assays were performed as previously described 1 9 Briefly. HUVECs and 
LLCs were plated in EGM-2 media. Eighteen hours after plating. HUVEC media was replaced 
wiih media in which the VEGF supplied by the manufacturer was omitted, and a dcfmed amount 
(0-50 ngAnl) of recombinant VEGF-165 (R&D Systems. Inc.) had been added. Four hours later, 
cells were irradiated with doses of 0-900 cGy using . GE Maxitron X-ray generator operating at 
250 kV. 26 mA. with a 0.5 mm copper fiUcr at a dose rale of] 1 8 cGy/min. Cultures were 
returned to the incubator for 14-17 days. aAer which they were stained with crysul violet 
Colonies were counted and surviving fractions were determined. Colonies containing >50 cells 
were scored a. positive. For studies with antibodies. HUVECs were plated in serum-fiee EGM-2 
conlaming 5 ng/ml VEGF-165. Four hours before irradiation, polyclonal anUbodies to human 
VEGF-1 65 (R & J) Systems, Inc.) were added to the media. Media was replaced with serum- 
containing media 48 hours aAer IR and the cells incubated for colony counting. 

Daia analysis 

Statistical significance was determined using one-way analysis of variance (ANOVA) or 
Student's i-test. as appropriate. 
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TABLTT S AVm TAPLF. T FGFNT^^ 
TABLK): VEGF Levels in LewJa lung carcinoma tumors after irradiation 



UNTREATED CONTROLS 



Mean tumor voivme 
Day (fffiiH^^Mtm 

2 947 ± 43 

5 1545 ± 93 

14 6110 ± 582 



VEGF(pB 
VEGF/rag 
tola! protelB^ 

69 ± 21 

46 ± 18 

90 ± 23 



IONIZING RADIATION (40 Gy) 

VEGF (pg 
Mean lumor volume VEGF/mg total 



641 ± 22 
786 ± 52 
2854 ± 338 



234 * 79 • 

135 ± 32 • 
194 ± 47 * 



•p < 0.05 relative to VEGF levels untreated controls 



TABLE II; r.ffcct of comMninr anti.VEKF .itHh o dv and tonfalny ^pHian^n 

Tumor volume (% untreated control volume for untreated controls) 

Expected tor Observed 



Tomyr 


Day 


Ionizing 
radiation 


Anti-VEGF 
amibodv 


combined if 
additive 


volume for 
combined 


Observed/ 

CXDCCtcd 


LLC 


6 


57.0% 


57.4% 


32.7% 


22.0% 


0.673 


Seg-l 


13 


19.8% 


77.8% 


15.4% 


6.9% 


0.448 


SQ20B 


19 


51.2% 


71.5% 


36.6% 


18.2% 


0.497 
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Northern blots 

Total KNA was isolfltcd from cuhurcd cells and tumor tissue using the guanidlnc 
thiocyanate method23 uUlizing Trizol LS (Lift Sciences. Inc.). 25 ,g total RNA was fractionated 
on 1 .2% agarose gels coniainmg formaldehyde and blotted onto nylon membranes, then 
hybridized with a cDNA probe labeled by nnuiom priming and consisting of a cDNA encoding 
human VEGfH Hybridizations were carried out at 60- C in 0.3 M sodium phosphate (pH 7.0). 
7% sodium dodecyl sulfate, 1 mM EDTA. and 1% bovine serum albumin25. and blots were 
washed as previously described26 After autoradiography. WoU wcr« stripped ofprobe and 
rehybridired to a labeled e»NA encoding rat glyccraldchydc 3-pho,ph.tc dchydn,8en«c 
(GAPDH) to demonstrate message integri^. 

MTTAssi^s 

HlJVECs were plated (1x10* cells/well in 96 well plaws) in EGM.2 media and allowed 
to attach ovcmight. Media was replaced with EGM-2.media conuiniag different concentrations 
ufrecombinant human VEGF-l 65 (R&D Systems. Inc.). In other experiments, the 
concentration of VEOM 65 was kept constant and varying concentrations of either a neutralizing 
polyclonal or monoclonal anti-human VEGF.165 antibody (R&D Systems. Inc.) were added 
prior to treatment with IR. 72 or 96 hours after IR, cells were pulsed with 3.[4. 5- 
dimeihylthl«zol-2ylI-2. S-dlphenyltetrazolium bremide (Sigma Chemical Company)l8 « 0.5 
mgAnI culture volume for four hours, oiler which the media was removed and the dye solubilted 
in dimethyl sulfoxide. Absorbance was measured at 515 nm and normalized to untreated control 
cells by the following equation: 
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What is claimed: 

1 . Use of a substance that inhibits VEGF expression of blockers VEGF activity in vivo in the 
preparation of a medicament for the mediation of radio resistance or chemotherapy resistance 
in a human cancer patient. 

2. The use of claim 1, wherein said substance is an anti-VEGF antibody. 
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FIGURE 3A 
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FIGURE 3C 



4000 




Days after treatment start 



wo 00/61186 



PCT/USOO/09255 



7/11 

FIGURE 3D 
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FIGURE 4B 
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FIGURE 4C 




0.00 I l_J 1 1 1 , 

0 10 20 30 40 50 60 70 80 90 100 

Antl-VEGF Ab (ng/ml) 



wo 00/61186 



11/11 



PCT/USOO/09255 




INTERNATIONAL SEARCH REPORT 



International application No. 
PCT/USOO/09255 



A t~*l A CCICI/^ A XIOM MC CTiniirr*^ ILfATT'G'D 
M. l^LiASal r liwA Wr IXI del- IVIA 1 1 EtK 

IPC(7) :A61K 39/395; C07K 16/00 
US CL :424/130.1: 530/387.1 
According to International Patent Classification (IPC) or to both national classification and IPC 


B. FIELDS SEARCHED 


Minimum documentation searched (classification system followed by classification symbols) 
U.S. : 424/130.1:530/387.1 


Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched 


Electronic data base consulted during the international search (name of data base and, where practicable, search terms used) 
DIALOG, WEST 

search terms: VEGF. antibodies, inhibitors, radation. chemotherapy, cancer. 


C. DOCUMENTS CONSIDERED TO BE RELEVANT 


Category* 


Citation of document, with indication, where appropriate, of the relevant passages 


Relevant to claim No. 


Y 


KATOH et aL Expression of the vascular endothelial growth factor 
(VEGF) receptor gene, KDR, in hematopoietic cells and inihibitory 
effect of VEGF on apoptotic cell death caused by ionizing radiation. 
Cancer Research. 01 December 1995, Vol 55. No. 23, pages 5687- 
5692. See entire document. 


1-2 


Y 


KATOH et al. Vascular endothelial growth factor inhibits apoptotic 
death in hematopoietic cells after exposure to chemotherapeutic drugs 
by inducing MCLl acting as an antiapoptotic factor. Cancer 
Research. 01 December 1998, Vol. 58. No. 23. pages 5565-5569. 
See entire document. 


1-2 


X Further documents are listed in the continuation of Box C. | | See patent family annex. 


* special categories of cited documenu. 

*A" document deHning the general itate of the art which is noi considered 
to be of particular relevance 

*E' earlier document published on or af^er the international filing date 

*L' document which may throw doubu on priority claimts) or which is 
■ cited to establish the publication date of another citation or other 
special reason las specified) 

'(>* document referruig to an oral disclosure, use. e.\hibnion or other 
means 

"P" document published prtot to die international I'lhng date but later than 
the prtority date clamied 


*T* later document pubtisht,-.! Jtiei the internalional filing date or phonty 
date and not in confltci m-iUi the appUcation but cited to underitand 
the principle or theory inulcrlyiitg the invention 

"X* . document of particul.it ickviutcc: tlie claimed invention cannot be 
considered novel or ciiniidi \-e considered to involve an inventive itep 
when the document m i.ikon Annxi: 

'Y* document of particulat :cicv-<iiice. the claimed invention caimoi be 
considered lo invoKe .m inventive step when the document u 
coinbuied with one or iti>>ie oilier such documents, such combination 
hemp obvious to a per^^^n .licilicd in the an 

"Ac* document member ot' tiic sanw patent famtly 


Date of the actual completion of the international search 
29 JULY 2000 


Dale of mailinii of ihe iiiici luiioiutl search report 

1,4AUGZ000 


Name and mailing address of the ISA/US 
Cotnmissioner of Patents and Trademark.*; 
Box PCT 

Washington. D.C. 20231 
Facsimile No. (703) 305-3230 


Authorized otTic^^ ^ j, C 

MINH-iTViM DAVIS ^ 
Telephone No. (703) 30«-09ir5 



Form PCT/lSA/210 (second sheet) (July 1998)« 



INTERNATIONAL SEARCH REPORT 



Internailonal application No. 
PCT/USOO/09255 



C (Continuation). DOCUMENTS CONSIDERED TO BE RELEVANT 


Category* 


Citation of document, with indication, where appropriate, of the relevant passages 


Relevant to claim No. 


Y 


BORGSTROM et al. Complete inhibition of angiogenesis and 
growth of microtumors by anti-vascular endotheial growth factor 
neutralizing antibody: Novel comcepts of angiostatic therapy from 
intravital videomicroscopy. Cancer Research. 01 September 1996, 
Vol. 56, pages 4032-4039. See entire document. 


1-2 


Y 


GOLDMAN et al. Paracrine expression of a native soluble vascular 
endothelial growth factor receptor inhibits tumor growth, 
metastasis, and mortality rate. Proc. Natl. Acad. Sci. USA. July 
1998, Vol. 95, pages 8795-8800. 


1 



Form PCT/ISA/210 (continuation of second sheet) (July 1998)* 



